Aims The diagnostic value of natriuretic peptides in asymptomatic patients at risk for diastolic or systolic HF is controversial. We tested (1) the prevalence of preclinical LV dysfunction in an at-risk cohort; (2) the diagnostic accuracy of natriuretic peptides alone or in combination with clinical parameters for predicting asymptomatic left ventricular systolic or diastolic dysfunction. Methods 542 primary care patients (mean age 63 ± 11 years, 42% female) without prediagnosed HF, but with risk factors for left ventricular dysfunction, underwent thorough cardiological workup, including echocardiography and analysis of natriuretic peptides. Results 23 patients (4%) showed reduced systolic function (EF \ 50%), and 15 patients (3%) had severe diastolic dysfunction. All natriuretic peptides significantly increased with decreasing ejection fraction and with increasing degree of diastolic dysfunction. For natriuretic peptides, receiver operating characteristics analysis yielded good results for the detection of systolic dysfunction or severe diastolic dysfunction. Combining clinical parameters with natriuretic peptide data improved the diagnostic accuracy and largely reduced the number of needed screening echoes to identify patients with LV systolic or diastolic dysfunction. Conclusions The prevalence of preclinical diastolic dysfunction is high in primary care patients at risk, but the relative prevalence of severe diastolic dysfunction and systolic dysfunction is only 7%. High-risk individuals may be screened most efficiently by using a score system incorporating clinical data and NT-proBNP.
Introduction
Systolic and diastolic heart failure (HF) are common and costly diseases and represent the most common discharge diagnosis for hospitalised patients in the United States and Europe [20] . HF is one of the leading causes of morbidity and mortality and a progressive disease often resulting from clinically unapparent forms of ventricular dysfunction. Recent guidelines have suggested novel definitions for staging HF that now include patients at risk or with preclinical left ventricular dysfunction (stages A and B of the AHA/ACC HF classification), which are believed to be precursors of symptomatic HF [3, 29] .
Systolic dysfunction has been found to be associated with an increased risk to develop symptomatic systolic HF. About 50% of individuals with left ventricular systolic dysfunction remain undiagnosed and untreated, although early therapy may improve outcome [1] .
Diastolic dysfunction is believed to be a precursor of diastolic HF, but the impact of early therapy on the risk to develop symptomatic HF is less well defined. Treatment of hypertension may improve diastolic function, and this gives advice to aggressively treat diastolic dysfunction [33] .
New strategies, needed to identify and treat patients with or at risk for the development of congestive HF in a more cost-effective way, may include early treatment of preclinical stages of HF (stage B) to prevent or delay the progression to symptomatic HF stages C and D.
Considering the large number of patients at risk for or with asymptomatic left ventricular dysfunction, interest is growing in the use of natriuretic peptides as diagnostic markers of altered left ventricular structure and function [5] .
As an increase in left atrial pressure is a hallmark in moderate and severe diastolic dysfunction and the natriuretic peptide NT-proANP is predominantly secreted by the left atrium, the ratio of NT-proANP to NT-proBNP may be useful in identifying patients with severe diastolic dysfunction [8, 10, 15, 21, 23] .
The aim of the present study was to test the diagnostic value of natriuretic peptides in identifying patients with preclinical, asymptomatic systolic or diastolic dysfunction. Moreover, we analysed the value of the NT-proANP/NTproBNP ratio. In addition, the efficacy of different screening models based on plasma levels of natriuretic peptides, clinical information or both for the detection of preclinical ventricular dysfunction was analysed.
Methods

Study population
Between January 2003 and June 2004, 2,273 primary care patients from 58 practices in the city of Goettingen and surrounding communities were invited by their general practitioners to participate in the study. Inclusion criteria were the presence of at least one cardiovascular risk factor documented by the general practitioner (hypertension, diabetes, family history of coronary artery disease) or coronary artery disease. Patients were invited to participate by a leaflet informing about the study and a total of 542 came for the study [19] . Patients were included if they had been diagnosed to be hypertensive by their treating physician or if they were on antihypertensive therapy. Patients were classified as diabetic if this diagnosis was made by their treating physician or if they were on antihyperglycemic therapy. Coronary artery disease (CAD) was defined as angiographic evidence of CAD, a history of revascularization or a history of myocardial infarction [34] . All participants were clinically evaluated by trained cardiologists. The study complies with the Declaration of Helsinki and was approved by the local Ethics committee. All patients gave written informed consent.
Echocardiography
Echocardiography was performed by trained cardiologists using a Philips Sonos Agilent 5500 system (3.5 MHz transducer) according to standard techniques as defined by the American Society of Echocardiography [4] . An ejection fraction (EF) \ 50%, determined by Simpson's monoplane method, was defined as systolic dysfunction. None of the patients had significant primary valvular disease. Patients with normal systolic function (EF C 50%) were stratified according to diastolic function [27] . Transmitral left ventricular filling velocities at the tips of the mitral valve leaflets as well as E wave deceleration time (EDCT) were obtained. Isovolumetric relaxation time (IVRT) was obtained in the apical five-chamber view. Pulmonary venous flow signals were recorded in the right upper pulmonary vein and the ratio of systolic to diastolic velocity (S/D) was analysed. Velocity flow propagation (Vp) was measured by colour Doppler M-mode in the middle of the mitral valve.
Doppler tissue imaging was used to derive early (Ea) and late (Aa) diastolic velocities at the septal margin of the mitral annulus.
Diastolic dysfunction was classified as follows: normal diastolic function ( [24, 25, 32] . One of the authors (SK), blinded to all other clinical data, categorised all patients into the stage of diastolic function. Any diastolic dysfunction summarises all groups from mild to severe diastolic dysfunction.
Analysis of natriuretic peptides: NT-proANP, BNP, NT-proBNP Blood was drawn under standardised conditions after a 30-min supine rest on the same day as with the echocardiogram. NT-proANP was measured using a sandwich enzyme immunoassay (Immundiagnostik, Bensheim, Germany) and a Milenia microtiter plate reader. NT-proBNP and BNP were determined by means of a sandwich chemiluminescence immunoassay on an Elecsys 2010 Ò analyzer (Roche Diagnostics, Mannheim, Germany) and a Centaur (Bayer Vital, Leverkusen, Germany), respectively. The intra-assay coefficient of variation for NT-proBNP was 1.8% for 221 pg/mL and 3.1% for 4,250 pg/mL; the interassay coefficient of variation was 5.5% for 187 pg/mL, 7.0% for 3,120 pg/mL, and 7.3% for 12,376 pg/mL. All measurements were performed in duplicate in a blinded manner by the certified core lab according to the recommendations of the manufacturer.
Statistical analysis
Data were analysed using SAS 9.1 software (SAS Institute Inc., Cary, NC, USA) and MedCalc10.0 (MedCalc Software, Mariakerke, Belgium).
Clinical parameters are expressed as mean ± standard deviations. Natriuretic peptide plasma levels were logtransformed to get a normal distribution and were reported as median values [25 percentile-75 percentile] . Differences of normally distributed variables were compared using analysis of variance (ANOVA), whereby the p-values reported were adjusted for multiplicity by using Bonferroni's method.
For differences of non-normally distributed variables, Mann-Whitney's U test was used. Effects of covariates were assessed by multivariate stepwise logistic analysis.
All serial parameters have been tested for normal distribution. If data were found not to be normally distributed, a log-transformation was performed.
The ability of various parameters to detect left ventricular dysfunction was analysed by using the receiver-operating characteristic (ROC) curve. The optimal cut-off for each end point was chosen by the Youden criterion [35] . The developed score was validated by leave-one-out cross validation. This procedure involves using a single observation from the original sample as the validation data and the remaining observations as the training data. This is repeated such that each observation in the sample is used once as the validation data [14, 18] . A p-value less than 0.05 was considered as statistic significance.
Results
Clinical and echocardiographic characteristics of the study population
For this study 542 patients were prospectively recruited (for details see Table 2 ). 23 patients (4%) had a de novo diagnosis of reduced EF (\50%). 352 patients (65%) demonstrated echocardiographic signs of isolated diastolic dysfunction (292 mild, 45 moderate, 15 severe).
Natriuretic peptides as predictors of left ventricular function
Natriuretic peptides were lowest in participants with normal systolic and diastolic functions. Plasma levels continuously increased with increasing severity of left ventricular dysfunction ( Fig. 1) .
Since diastolic dysfunction results in impaired left atrial emptying with increases in left atrial wall tension, we hypothesised that the ratio of NT-proBNP (released mainly from the ventricles) to NT-proANP (which is released predominantly from the atria) may be a better diagnostic parameter for the detection of diastolic dysfunction than each peptide alone. The NT-proBNP/NT-proANP ratio was highest in patients with severe diastolic dysfunction and systolic dysfunction (p \ 0.0001 vs. normal function). However, there was no apparent difference in the increase of the ratio as compared with NT-proBNP alone.
Analysis of ROC curves
For detecting preclinical systolic dysfunction (Fig. 2 , upper left panel), test characteristics were good for all three natriuretic peptides (AUC 0.751-0.831). NT-proBNP was the best diagnostic marker with borderline significant differences to NTproANP (p = 0.054) and BNP (p = 0.048). Test characteristics of natriuretic peptides performed rather poor in detecting any diastolic dysfunction. Figure 2 , upper right panel shows the test characteristics for the detection of severe diastolic dysfunction by natriuretic peptides. Diagnostic accuracies of NT-proANP, NTproBNP and BNP and the ratio of NT-proBNP/NT-proANP were all in a high range (AUC = 0.729-0.762, respectively; p = 0.900-0.940). Figure 2 (lower right panel) and Table 3 demonstrate that all natriuretic peptides showed good test characteristics for the detection of any ventricular dysfunction (EF \ 50% or severe diastolic dysfunction). Direct comparison of the natriuretic peptides revealed that the overall diagnostic performance of NT-proBNP seemed to perform best in detecting any preclinical ventricular dysfunction (AUC 0.813), but this difference failed to reach significance (p = 0.167 to NT-proANP, p = 0.086 to BNP). Table 4 demonstrates that in contrast to NT-proBNP obesity, renal insufficiency and age have only modest influence on the score with respect to the AUCs for systolic or severe diastolic dysfunction. Multivariate regression analysis and testing of a multivariable scoring system To optimise the detection of patients with preclinical ventricular dysfunction, we performed univariate and multivariate regression analysis using the following variables: lnNT-proBNP, age, hypertension, diabetes, CAD, and dyspnea on exertion. Variables were taken into the model if p \ 0.05 and were not taken out if p \ 0.10. LnNT-proBNP and dyspnea on exertion were independently associated with systolic dysfunction and lnNTproBNP, diabetes, dyspnea on exertion, hypertension and CAD were independent predictors of severe preclinical diastolic dysfunction.
For systolic or severe diastolic dysfunction lnNT-proBNP, hypertension, diabetes, CAD and dyspnea on exertion were independent predictors. From these parameters, we derived a score system that incorporated, besides lnNT-proBNP, those clinical variables with the best prediction characteristics for asymptomatic left ventricular dysfunction. The score was calculated (with regression coefficients of covariates) as follows: Score ventricular dysfunction NT-proBNP = 1.054 9 diabetes (0 = no, 1 = yes) ? 1.884 9 hypertension ? 1.199 9 dyspnea on exertion ? 0.970 9 coronary artery disease ? 1.003 9 lnNT-proBNP.
For comparison, we also calculated a score with the aforementioned clinical variables, but without NT-proBNP. Score ventricular dysfunction clinical = 0.935 9 diabetes ? 2.256 hypertension ? 1.320 9 dyspnea on exertion ? 1.489 9 coronary artery disease.
We next tested the diagnostic accuracy of the score as compared with lnNT-proBNP alone and the score with NT-proBNP as compared with the score without NT-proBNP in ROC analyses ( Fig. 2; Table 3 ). The score that combines clinical parameters with lnNT-proBNP was of significantly better diagnostic accuracy than lnNT-proBNP alone in detecting systolic or severe diastolic dysfunction (p = 0.02). Moreover, the score incorporating NT-proBNP showed a significantly better diagnostic performance compared with the sole clinical score (without NT-proBNP) for the diagnosis of a systolic or severe diastolic dysfunction (p = 0.032).
Validation of this new score by ''leave one out''-cross validation revealed a percentage of correctly specified individuals of 95% for systolic dysfunction, 93% for systolic or severe diastolic dysfunction and 96% for severe diastolic dysfunction, but only of 35% for any diastolic dysfunction.
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We compared different possible screening strategies to detect severe ventricular dysfunction (i.e., EF \ 50% or/ and severe diastolic dysfunction; Table 5 ). By definition, a strategy that applies screening echocardiography to all patients at risk has 100% sensitivity and specificity and a positive likelihood ratio of 1, but the number needed to screen for one patient positive for the diagnosis is 14.3. Including NT-proBNP (cut-off 209.5 pg/mL) into the diagnostic workup reduces sensitivity and specificity to 74 and 75%, respectively, but also largely reduces the number of screening echoes needed to identify one patient with any preclinical ventricular dysfunction to 5.5 (at the expense, however, of 26% positives missed). The most efficient strategy (see number needed to screen) is to apply echocardiography to all patients with diabetes and a NT-proBNP above the cut-off level of 209.5 pg/mL. Every third patient screened will be diagnosed to have severe ventricular dysfunction; however, with this approach only one-third of all patients with severe ventricular dysfunction would be detected. Overall test characteristics were best for the developed screening score: using this score (cut-off set at 8.551 points), sensitivity and specificity for accurate diagnosis were 82 and 79%, respectively; the number of screening echoes needed to identify one affected patient was 4.5, with only 18% of positive patients missed (Table 5 ). Figure 3 shows the superiority of the score system that combines clinical and lnNT-proBNP values versus lnNT-proBNP alone in identifying patients in need of echocardiography. With increasing sensitivity, the score largely reduced the number of echoes needed as compared with NT-proBNP alone. For instance, to detect at least 80% of the affected patients, this would necessitate echocardiography in 42% of participants if decision was based on NT-proBNP only as compared with 26% (relative reduction of 38%) when using the score.
Discussion
The present study demonstrates that in patients at risk for HF, natriuretic peptides help diagnosing systolic and severe diastolic dysfunction. A score system that combines clinical parameters with natriuretic peptide measurement provides additive diagnostic accuracy for asymptomatic systolic or severe diastolic dysfunction.
Our study has two new findings:
1. A combination of clinical variables with natriuretic peptides (either BNP or NT-proBNP) in a scoring system is superior to natriuretic peptides alone and is superior to a scoring system without NT-proBNP in diagnosing systolic and severe diastolic dysfunctions. Moreover, the implementation of such a score may reduce the need for echocardiography in a primarycare based screening programme for left ventricular dysfunction. 2. The combination of natriuretic peptides by forming a ratio between two (e.g. NT-proBNP and NT-proANP) is not superior to the value of each natriuretic peptide alone.
Role of natriuretic peptides in the detection of ventricular dysfunction
The role of natriuretic peptides in the detection of left ventricular systolic dysfunction is well established [13] . In line with this and other previous observations, in our study NT-proANP, BNP and NT-proBNP were significantly higher in patients with preclinical systolic dysfunction compared with patients with normal systolic function [31] . The diagnostic value of natriuretic peptides in detecting diastolic dysfunction is by far more controversial, and published reports showed heterogeneous results. An initial report by Lubien et al. [22] showed very good test characteristics of BNP for the detection of diastolic dysfunction. Later reports could not confirm these optimistic results. Grewal et al. could demonstrate that natriuretic peptides were the strongest independent predictors of diastolic dysfunction, as determined by Doppler-echocardiography in the CHARM-Preserved trial. Of importance, these patients suffered from HF, whereas the patients in our study were symptom-free [11, 12, 28] . In this study, we could demonstrate that natriuretic peptides do not accurately predict mild or moderate diastolic dysfunction, but are a very valuable tool to identify patients with severe diastolic dysfunction. This finding is in line with those of Costello-Boerrigter et al. and Redfield et al., who found that NT-proBNP or BNP may be useful to detect moderate/ severe diastolic dysfunction [6, 30] .
One explanation for the differences between our study and previously published studies may be that Lubien et al. analysed a group of highly selected patients referred to an echocardiographic laboratory, whereas others chose a population-based sample [22, 28] . Due to this referral bias, pretest probability in these studies is quite different with significant effects on further final test results. Another explanation is the definition of diastolic dysfunction. Redfield et al. [30] required two independent echocardiographic signs of at least moderate diastolic dysfunction to establish the diagnosis. In line with this approach we defined severe diastolic dysfunction as a restrictive filling pattern and/or indications of elevated filling pressure (left atrial diameter [ 45 mm and E/Ea [ 15) [25] . An increased left atrial diameter or volume as well as an E/Ea [ 15 has been associated with elevated filling pressure in patients with HF and a normal EF [24, 26] . Our results demonstrate that natriuretic peptides may have a pivotal role in the screening for severe diastolic or any systolic dysfunction in a primary care setting.
Comparison of NT-proANP, NT-proBNP and BNP in the detection of preclinical left ventricular dysfunction Our study design allowed the direct comparison of NT-proANP, NT-proBNP and BNP in the detection of systolic or diastolic dysfunction by either comparative ROC analysis or comparative correlation analysis. NTproBNP tended to be the best marker of systolic and severe diastolic dysfunction. However, the difference between NT-proBNP and BNP in diagnosing diastolic and systolic dysfunctions was not statistically significant, confirming results from two other studies for the diagnosis of systolic dysfunction [6, 16] .
We further hypothesised that the combination of two markers could improve diagnostic accuracy. Since atrial emptying into the ventricle is impaired, atrial wall stress should be elevated in diastolic dysfunction. However, with increasing degree of diastolic dysfunction, the NT-proBNP to NT-proANP ratio increased, indicating that NT-proBNP up-regulation outranges NT-proANP up-regulation in more severe diastolic dysfunction. The NT-proBNP to NT-pro-ANP ratio did not give additional diagnostic value as compared with NT-proBNP alone.
These surprising results challenge the simple concept of ANP mainly secreted by the atria and BNP mainly secreted by the ventricles. Data from an invasive study with selective coronary sinus blood sampling showed that in atrial fibrillation, BNP is mainly secreted from the left atrium, and not from the ventricle [17] . Thus, as all natriuretic peptides are rather simultaneously regulated in systolic and diastolic dysfunction, it seems more attractive to identify the most sensitive biochemical marker.
Clinical implications
The recent definition of HF by the American Heart Association denotes stages A-D and requires identification of patients with structural heart disease (stage B) [3] . To evaluate the impact of natriuretic peptides as a screening tool for patients at risk for developing HF, three assumptions are made: (1) the prevalence of the disease is high enough in the population studied. With an overall prevalence of 7% for severe diastolic dysfunction and systolic dysfunction in the population studied, this condition is fulfilled; (2) a therapy for these patients in an asymptomatic stage of the disease is provided. This holds true for systolic dysfunction as, e.g. ACE inhibitors reduce progression to overt HF, but the situation is less clear for severe diastolic dysfunction [1, 2] ; (3) there is a diagnostic test with a high sensitivity and specificity. A screening test should have a high negative predictive power, so that a test result below the cut-off point is much more likely in patients without the disease. From our results, our score system incorporating NTproBNP provides good diagnostic accuracy, especially for systolic or severe diastolic dysfunction. Therefore, an important finding of our study is that the combination of specific clinical information with a point measure of NTproBNP improves diagnostic accuracy over each strategy alone.
Limitations of the study Our risk estimation model may not be ready for clinical use because we developed and validated it in the same study population. Validation of our model in an independent cohort may be necessary before clinical application can be recommended. Parameters of electrocardiography have been previously used to screen for diastolic dysfunction (Galasko et al. and Goode et al.) . In our study, we aimed to screen for diastolic dysfunction without electrocardiograms. The information given by ECG may be of incremental value to clinical information. Therefore, in further studies screening for diastolic dysfunction, ECG should be included [7, 9] .
Conclusion
In conclusion, the prevalence of preclinical diastolic dysfunction in a risk cohort is high, but the relative proportion of severe diastolic dysfunction is rather low. Natriuretic peptides are useful to detect systolic and severe diastolic dysfunction. The additional use of clinical information optimises a biomarker-based screening approach. Thus, natriuretic peptides should be considered as additional clinical information and their use in combination with other clinical data should be considered for Public Health screening algorithms to reduce the HF burden.
